Although neurodevelopmental impairment is a risk factor for poor cognitive and behavioral outcomes, associations between early and later functioning are only moderate in magnitude, and it is likely that other factors intervene to modify this trajectory. The current study tested the hypothesis that sensitive, stimulating caregiving would promote positive behavioral and cognitive outcomes among children who were at risk based on the results of a neurodevelopmental screener and a temperament inventory. The sample comprised 1,720 infants and toddlers from the National Survey of Child and Adolescent Well-Being, a longitudinal study of children who were involved with child welfare services. Children were first assessed between 3 and 24 months of age and subsequently 18 months later. Children who experienced improvements in the amount of sensitive, stimulating caregiving they received had positive cognitive and behavioral outcomes 18 months later, despite early levels of neurodevelopmental risk. The association between changes in caregiving quality and changes in children's functioning was stronger for children who were removed from the care of their biological parents before the follow-up assessment than for children who remained in the care of biological parents, suggesting a causal role for caregiving quality on children's outcomes.
Infants and toddlers who are victims of abuse and neglect are at risk for fine and gross motor impairments, language delay, and deficits in the regulation of behavior and emotion (De Bellis, 2001; Glaser, 2000; Rutter, O'Connor, & English and Romanian Adoptees Study Team, 2004) . In the prenatal period, they are at risk for exposure to drugs of abuse (Bailey et al., 2004; Bunikowski et al., 1998; Kelley, 1992; Leventhal et al., 1997) , poor prenatal care (Benedict, White, & Cornely, 1985) , and obstetrical complications that arise if their mothers are victims of partner violence while pregnant (Bacchus, Mezey, & Bewley, 2004) . In the postnatal period, experiencing abuse or neglect may result in traumatic brain injury, understimulation, malnutrition, and dysregulation of biological stress response systems (Barlow, Thomson, Johnson, & Minns, 2005; De Bellis, 2001; Glaser, 2000) . Experiences of abuse and neglect that result in diffuse axonal injury (such as shaken baby syndrome), chronically elevated levels of stress chemicals, or protein deficiency may have especially severe consequences for the cognitive and social development of children under the age of 5 years (De Bellis, 2005; Levin, 2003; Rao & Georgieff, 2000) , because this is an important period of neuronal proliferation and pruning, synaptogenesis, and rapid white matter development (Webb, Monk, & Nelson, 2001 ). This preliminary evidence of a particular period of vulnerability to child maltreatment has strong public health implications, as children under the age of 3 years comprise the largest group of abuse and neglect victims in the United States (US Department of Health and Human Services, 2005) .
Although there are many reasons why maltreated children are at risk for neurodevelopmental impairment, surprisingly little research has been conducted on the neuropsychological functioning of abused and neglected children. Pears and Fisher (2005) reported that 3-to 6-year-old children with histories of maltreatment had significantly smaller head circumference and poorer visuospatial, language, and general cognitive functioning compared to community controls, although the two groups did not differ with respect to sensorimotor function, memory, or executive function. In a study of 1,542 infants and toddlers (3 months to 5 years of age) who were involved with child welfare services, over half scored below the normal range on the Denver Developmental Screening Test II (Frankenburg, Dodds, Archer, Shapiro, & Bresnick, 1992) , and of these, 47% were mildly or significantly delayed according to their scores on the Bayley Scales of Infant Development II (Leslie et al., 2005) . Rutter and colleagues (1998) assessed developmental delay among infants and toddlers (up to 42 months) who had been adopted by families in the United Kingdom from conditions of severe privation in institutional settings in Romania. Upon entry to the United Kingdom, the overwhelming majority of institution-reared children had mild to severe levels of developmental impairment. Finally, studies have shown that maltreatment is associated with language delay in children and adolescents (Eigsti & Cicchetti, 2004; McFayden & Kitson, 1996) . Thus, although the extant literature is small, findings are consistent with the notion that experiences of abuse and neglect are associated with neurodevelopmental impairment.
Evidence of neurodevelopmental impairment early in a child's life is of concern because motor, language, and self-regulatory impairments are associated with adverse cognitive and behavioral outcomes, regardless of whether neurodevelopmental functioning is measured directly (Aylward & Verhulst, 2000; Cannon et al., 2002; Jaffee et al., 2002; Moffitt, 1993; Murray et al., 2006; Shevell, Majnemer, Platt, Webster, & Birnbaum, 2004) or whether it is inferred from measures like difficult temperament (Rothbart & Bates, 1998) or low birth weight (Aylward, 2005) , which is assumed to reflect cerebral damage in the neonatal period (Whitaker et al., 1997) . However, other researchers have detected very weak continuities from measures of early neurodevelopmental functioning to later adjustment, particularly when neurodevelopmental functioning is assessed in the first year of life (Colombo, 1993; Molfese & Acheson, 1997; Rothbart & Bates, 1998) .
One explanation for generally modest correlations is that the effects of neurodevelopmental impairment on subsequent cognitive and behavioral outcomes are moderated by environmental experiences. A growing body of evidence supports this hypothesis (e.g., Raine, 2002) . At least two studies have shown that low birth weight predicts symptoms of inattention and hyperactivity in school-age children, but not when children have warm, supportive relationships with their mothers (Laucht, Esser, & Schmidt, 2001; Tully, Arseneault, Caspi, Moffitt, & Morgan, 2004) . Prospective, longitudinal studies have shown that neuromotor impairment (Raine, Brennan, Mednick, & Mednick, 1996) and other indicators of neurodevelopmental impairment such as perinatal complications and difficult temperament (Arseneault, Tremblay, Boulerice, & Saucier, 2002; Brennan, Hall, Bor, Najman, & Williams, 2003) measured in the first 5 years of life increased risk for persistent aggressive, antisocial outcomes in middle childhood and adolescence, but only among children who were raised under conditions of adversity. Dramatic instances of cognitive catch-up at age 4 and 6 years were observed among children who had been raised in severely deprived institutional environments and who were later adopted into families in the United Kingdom, although the degree of catch-up depended on the duration of institutional rearing (Rutter & et al., 2000) . Finally, Jacobson, Jacobson, Sokol, Chiodo, and Corobana (2004) detected adverse effects of prenatal alcohol exposure on children's IQ when parents were low in emotional sensitivity and provided little cognitive stimulation, but not when emotional sensitivity and cognitive stimulation scores were high.
At least two aspects of the caregiving environment may be relevant in promoting developmentally appropriate functioning among children with neurodevelopmental impairments. First, cognitively stimulating environments may promote language development among at-risk children. For example, the amount of time that mothers spend talking to their infants is highly predictive of vocabulary growth (Huttenlocher, Haight, Bryk, Seltzer, & Lyons, 1991; Pan, Rowe, Singer, & Snow, 2005) . Second, emotionally supportive environments may foster the emergence of behavioral control and emotion regulatory skills among at-risk children. For example, children who are temperamentally fearful and withdrawn successfully develop the ability to regulate their own conduct when mothers use gentle, inductive disciplinary techniques to modify children's behavior. In contrast, temperamentally undercontrolled, "fearless" children learn to regulate their own conduct in the context of a warm, supportive relationship with a parent (Kochanska, 1997) .
In this study, biologically at-risk children were defined as those who scored in the moderate to high risk range on a neurodevelopmental screener in infancy and who were temperamentally unpredictable, showed low levels of positive affect, and were fussy and irritable. Resilience was defined as cognitive and behavioral functioning 18 months later that was better than expected, given initial levels of neurodevelopmental and temperamental risk, respectively. That is, behavioral and cognitive functioning are expected to be poor among children who were identified at an earlier point in time as having difficult temperament and neurodevelopmental impairment. Thus, resilient children will have higher levels of cognitive and behavioral functioning than would be predicted based on early biological risk factors. Formulated in this way, resilience to biological risk shares many features with resilience to psychosocial risk. First, risk is a probabilistic term, meaning that neither biological nor psychosocial risk factors are perfectly predictive of cognitive or behavioral outcomes. Second, resilience reflects positive adaptation in the face of earlier biological or psychosocial conditions that are typically associated with cognitive or behavioral maladaptation (Luthar, Cicchetti, & Becker, 2000) . In the case of both biological and psychosocial risk factors, resilience may reflect self-organizing tendencies that enable the brain to adapt to new constraints (such as competent caregiving) by reorganizing neural systems that subserve cognition and behavior (e.g., Cicchetti & Curtis, 2006) . Third, the likelihood that an individual will manifest positive adaptation despite conditions of biological or psychosocial risk will reflect the balance of risk and protective factors available to the organism (Cicchetti & Toth, 1995) . These may include individual characteristics (across multiple levels of the organism from genetic to cognitive or emotional capacities) as well as familial and extrafamilial supports.
In the current study, the hypothesis was tested that improvements in caregiving would promote resilience in cognitive and behavioral domains among children who were at biological risk, as measured by performance on the neurodevelopmental screener and the temperament assessment. This hypothesis was tested in a sample of infants and toddlers, all of whom were reported to Child Protective Services (CPS) for allegations of abuse or neglect. Such children are expected to experience significant changes in the caregiving environment because they are likely to be removed from the care of their biological parents and placed in kin or nonkin foster settings, and because their parents are likely to be referred for services that target parenting skills or parent substance use or mental health problems.
Although a number of studies have shown that sensitive, stimulating parenting practices can protect at-risk children from poor outcomes, the causal nature of the association between parenting practices and children's outcomes is often unclear. Two alternative explanations for this association are plausible. First, parents may engage in warm, cognitively stimulating behavior in response to a child's positive temperament or the child's capacity for learning, in which case the association would reflect an effect of the child on the caregiver rather than the reverse. Second, warm, stimulating parenting may be a marker for other factors (e.g., genetic factors) that causally influence children's functioning. These alternative explanations were tested in the current study by (a) taking advantage of the longitudinal nature of the data to control for child effects on the caregiving environment and (b) focusing a subset of the analyses on children who were removed from the care of biological parents during the course of the study, thus breaking the link between the child's genotype and the child's rearing environment. This design is an example of a "natural experiment" in which, for some children, there was a discontinuity between the child's rearing environment at earlier and later points in time (Rutter, Pickles, Murray, & Eaves, 2001) .
Method

Sample
The National Survey of Child and Adolescent Well-Being (NSCAW) is a nationally representative sample of children in the United States who have had contact with CPS (Dowd et al., 2004) . The cohort includes 5,501 children (50% female), less than 1 year to 14 years of age when sampled, who were subjects of child abuse or neglect investigations conducted by CPS from October 1999 to December 2000. The sample was selected using a two-stage stratified sample design. At the first stage, the United States was divided into nine sampling strata. Eight strata corresponded to the eight states with the largest child welfare caseloads and the ninth stratum consisted of the remaining 38 states and the District of Columbia. Within each of the nine strata, primary sampling units (PSUs) were formed and randomly selected. PSUs were defined as geographic areas that encompassed the population served by a single CPS agency (e.g., counties). At the second stage, equal numbers of children were selected from each PSU, regardless of PSU size. Children were selected from eight mutually exclusive and exhaustive domains such that the final sample adequately represented relevant combinations of (a) infants versus children age 1 to 14 years, (b) children receiving CPS-funded agency services versus children not receiving services, (c) children in out-of-home care versus children not in out-of-home care, and (d) children who were investigated for allegations of sexual abuse versus other forms of abuse or neglect. Additional information about the sample composition is available from Dowd and colleagues (2004) .
Field staff completed 12 days of training on the protocol. At baseline (Wave 1), face-toface interviews or assessments were conducted with children, their caregivers (e.g., biological parents, foster parents, custodial kin caregivers), their teachers (when children were school age), and their caseworkers (when applicable). At 12 months postbaseline (Wave 2), telephone interviews were conducted with current caregivers and caseworkers. At 18 and 36 months postbaseline (Waves 3 and 4), face-to-face interviews were conducted with children, current caregivers, teachers, and caseworkers. Of the 5,501 children assessed at baseline, 87% participated at Wave 2, 87% participated at Wave 3, and 85% participated at Wave 4. Current caregivers were paid $50 for their participation and children were given gift certificates worth $10-20.
The current analyses include the 1,720 children (47% female) who ranged in age from 3 to 24 months at Wave 1. Eighty-seven percent of these children participated at Wave 3. At Wave 1, 38% of the children were African American, 36% were White, 19% were Hispanic, and 6% were from other racial/ethnic groups. Caseworkers rated the most severe form of maltreatment children had experienced, based on the frequency, duration, and severity of maltreatment incidents. For 20% of children, the most severe form of maltreatment they experienced was physical abuse, for 4% it was sexual abuse, for 5% it was emotional abuse, for 60% it was neglect, and for 11% it was "other" forms of abuse, including abandonment, moral or legal maltreatment, educational maltreatment, exploitation, or other forms of maltreatment. Twentynine percent of children experienced multiple forms of maltreatment.
In order to generalize the results to the population of US children who have had contact with CPS, the data must be weighted. Analysis weights were calculated as the product of two probabilities: the probability that a PSU would be selected (first stage) and the probability that a child would be selected (second stage). Adjustments were made for missing data, nonresponse, and undercoverage. For further details, see Dowd and colleagues (2004) . All subsequent analyses were adjusted for survey design using Stata 8.0 (StataCorp, 2001 ).
Measures
Bayley Infant Neurodevelopmental Screener (BINS). The BINS (Aylward, 1995) is a screening tool used to identify infants between the ages of 3 and 24 months with potential developmental delays or neurological impairments. The BINS assesses basic neurological functions (of the central nervous system), receptive functions (sensation and perception), expressive functions (fine and gross motor skills, oral skills), and cognitive processes (memory and learning, thinking, and reasoning). The BINS has demonstrated validity (Aylward, 1995) and internal consistency reliability ranged from .73 to .84 for the various age groups (up to 24 months) in the NSCAW sample. Based on age-standardized total scores, children were categorized as being at low (15%), moderate (32%), or high (53%) risk for neurodevelopmental impairment. The moderate-and highrisk groups were combined for analyses. Scores falling in the moderate-to high-risk range at 6-24 months are indicative of clinically significant cognitive developmental impairment in verbal, perceptual, motor, quantitative, and memory domains at 36 months of age (Aylward & Verhulst, 2000) and other work has shown that when the Bayley Scales of Infant Development, 2nd Edition (Bayley, 1993) , were used as the gold standard for measuring developmental delay, the BINS had optimal sensitivity (90%) when referral was made for BINS scores falling in the moderateto high-risk range (Macias et al., 1998) . The BINS was administered to children at Wave 1.
Difficult temperament. The temperament scales used in NSCAW were developed for use in the National Longitudinal Survey of Youth using a variety of existing instruments (Mott, Baker, Ball, Keck, & Lenhart, 1995) . At Wave 1, caregivers whose infants were under 24 months of age were asked to report how often their infants exhibited specific behaviors (e.g., "During the day, how often does [NAME] get fussy and irritable?" and "How often do you have trouble soothing [NAME] when he/she is tired or upset?"). Responses ranged from 1 ¼ never or almost never to 5 ¼ almost always. For infants younger than 12 months at Wave 1, difficult temperament was the sum of the following subscales: positive affect, friendliness, and predictability (all reverse scored) as well as fearfulness. For 12-to 23-month-olds, difficult temperament was the sum of the positive affect and friendliness subscales (reverse scored) and the fearfulness subscale. Difficult temperament scale scores were standardized to account for the fact that different versions of the scale were calculated depending on whether children were younger or older than 12 months of age at Wave 1 (M ¼ 0.007, SE ¼ 0.06).
1 The reliability of the difficult temperament scale was a ¼ .62.
Home Observation for Measurement of the Environment-Short Form (HOME-SF). The HOME-SF measures the quality and quantity of cognitive stimulation and emotional support that children receive in the home environment and is valid for children from birth to 10 years of age (Caldwell & Bradley, 1984) . The number of items ranges from 20 to 24 depending on the child's age. Interviewers indicate whether specific caregiver behaviors or physical conditions are observed in the home or if they are reported by caregivers. The cognitive stimulation subscale (9 items for 0-to 2-year-olds; 14 items for 3-to 5-year-olds) includes questions and observations about the physical environment (e.g., interviewer notes whether there are safe play spaces) and provision of stimulating materials and activities for the child (e.g., interviewer indicates whether caregiver provided toys or interesting activities for the child during the visit). The emotional support subscale (9 items for 0-to 2-year-olds, 12 items for 3-to 5-year-olds) includes questions and observations about physical affection (e.g., interviewer indicates whether caregiver caressed, kissed, or hugged child during the visit) and the caregiver's response to the child's behavior (e.g., "In the last week, how many times, if any, have you had to spank [NAME]?). Internal consistency reliabilities are not reported for the HOME-SF because the measure is an index of observed and reported behaviors and index items are not expected to be interrelated. The HOME was administered at Waves 1 and 3.
were standardized because different versions of the HOME were administered at Wave 3 depending on whether children were younger or older than 3 years.
Preschool Language Scale (PLS-3). The PLS-3 (Zimmerman, Steiner, & Pond, 1992) measures language development in children from birth to 6 years of age. The PLS-3 includes 48 items that measure auditory comprehension and 48 items that measure expressive communication. These scores were age standardized and summed to create a total language score that was then converted to a normalized score (M ¼ 90.39, SE ¼ 0.95). The PLS-3 has demonstrated predictive and concurrent validity as well as high interrater agreement (89%), good test-retest reliability (.91-.94 for the total language score), and good internal consistency reliability (a ¼ .87; Zimmerman et al., 1992) . The PLS-3 was administered to children at the Wave 3 interview.
Children's problem behaviors. Problem behaviors were assessed at Wave 3 by caregivers who completed the Child Behavior Checklist (CBCL 2/3; Achenbach, 1991) for children 2 to 3 years of age and the CBCL 4/16 (Achenbach, 1991) for children 4 years and older. The CBCL assesses children's competencies as well as eight problem behavior syndromes including withdrawn behavior, thought problems, social problems, attentional problems, aggressive behavior, delinquent behavior, somatic complaints, and anxious/depressed behavior. Caregivers indicate whether any of 100 (CBCL 2/3) or 113 (CBCL 4/16) items apply to their child (0 ¼ never to 2 ¼ always). Scores on the syndrome scales were summed to create a total problem behaviors score. The analyses reported in this paper rely on the age-and gender-standardized total problem behaviors T score (M ¼ 55.38, SE ¼ 0.39). The internal consistency reliability for the Total Problem Behaviors Scale was a ¼ .95 for 2-to 3-yearolds and a ¼ .96 for 4-to 16-year-olds. Children who were not yet 24 months of age by Wave 3 (n ¼ 679) were missing CBCL data.
Income. Total annual income from all sources was reported by caregivers at Waves 1 and 3. Responses ranged from 1 ($0 to $9,999) to 5 ($40,000 or higher). Average incomes at Wave 1 (M ¼ 2.62, SE ¼ 0.08) and at Wave 3 (M ¼ 2.67, SE ¼ 0.08) ranged from $10,000 to $29,999.
Results
The results are presented in four parts. First, associations among the measures of biological risk, the caregiving environment, and children's language abilities and problem behaviors are described. Second, measures of resilient functioning are derived in two domains: language development and children's problem behaviors. Third, analyses are presented that test whether improvements in the amount of cognitive stimulation and emotional support provided to children by caregivers predicted better than expected language skills and behavior, respectively, in children. Fourth, the hypothesis is tested that the association between changes in the caregiving environment and changes in children's functioning will be significant regardless of whether children resided with biological parents.
What characterizes children with neurodevelopmental impairment and difficult temperament?
As shown in Table 1 , moderate to high risk for neurodevelopmental impairment (as identified by the neurodevelopmental screener) was positively correlated with difficult temperament. Risk for neurodevelopmental impairment and difficult temperament were negatively correlated with language ability and positively correlated with problem behaviors. Moreover, these biological risk factors were associated with lower levels of cognitive stimulation at Wave 1 and lower levels of emotional support at Wave 3.
Deriving measures of resilient functioning
Resilient children were identified as those who were doing better than expected with respect to language development and behavior at Wave 3 given early-emerging neurodevelopmental and temperamental vulnerabilities. To identify children who had better than expected language abilities at Wave 3, language scores measured at Wave 3 were regressed on neurodevelopmental impairment scores measured at Wave 1 and the residualized scores were saved (range ¼ 244.89 to 63.80). Residualized scores (as measures of change over time) are preferable to difference change scores because they take into account potential differences in variance at the two time points. Children with moderate to high risk for neurodevelopmental impairment had lower language scores at Wave 3 (b ¼ 29.69, SE ¼ 2.87, p , .001) compared with children who were at low risk for neurodevelopmental impairment. Positive residualized scores indicate that children had higher than expected language scores at Wave 3, given their Wave 1 scores on the BINS and negative residualized scores indicate that children had lower than expected language scores at Wave 3. Forty-seven percent of children had better language scores than expected at Wave 3 given baseline neurodevelopmental impairment.
To identify children who were doing better than expected with respect to problem behaviors at Wave 3, total problem behavior scores measured at Wave 3 were regressed on difficult temperament scores assessed at Wave 1 and the residualized scores were saved (range ¼ 232.96 to 37.86). Higher ratings of difficult temperament at Wave 1 predicted higher problem behavior scores at Wave 3 (b ¼ 3.29, SE ¼ 0.81, p , .001). Positive residualized scores indicate that children had higher than expected problem behavior scores at Wave 3, given their Wave 1 scores on the temperament assessment. Negative residualized scores indicate that children had lower than expected behavior problem scores at Wave 3.
2 Fifty-one percent of children had lower behavior problem scores than expected at Wave 3 given baseline difficult temperament. 2. Resilient functioning in the language and problem behavior domains was defined with respect to early levels of neurodevelopmental risk and difficult temperament, respectively, because risk for neurodevelopmental impairment was more strongly related to children's language ability than their problem behaviors, and difficult temperament was more strongly related to children's problem behaviors than their language ability. 3. Logistic and OLS regression analyses were conducted to compare physically abused and neglected children (the two most common groups) on the prevalence of neurodevelopmental impairment, mean difficult temperament scores, and the prevalence of better than expected language and behavior problem scores. None of these differences were statistically significant.
Do improvements in the quality of the home environment predict better than expected language abilities and behavior in children?
Children who experienced improvements in the quality of their home environment were defined as those whose HOME cognitive stimulation or emotional support scores were better than expected at Wave 3 given scores at Wave 1. To estimate improvements in the quality of the home environment, Wave 3 cognitive stimulation and emotional support scores were regressed, respectively, on the Wave Although the hypothesis was that improvements in the quality of the home environment would predict better than expected functioning, it is possible that the direction of effects is reversed and that caregiving behaviors change in response to children's behavior or abilities. To test this possibility, two sets of ordinary least squares (OLS) regression analyses were conducted. The first set showed that Wave 1 cognitive stimulation scores predicted better than expected language scores at Wave 3 (b ¼ 2.49, SE ¼ 1.05, p , .05) and that Wave 1 emotional support scores predicted better than expected behavior at Wave 3 (b ¼ 21.71, SE ¼ 0.79, p , .05). In contrast, the second set of regression analyses showed that neurodevelopmental risk at Wave 1 was not predictive of changes in cognitive stimulation (b ¼ 0.05, SE ¼ 0.13, p ¼ .69) nor was difficult temperament predictive of changes in emotional support (b ¼ 20.09, SE ¼ 0.05, p ¼ .07), although there was a trend in this direction. Thus, the results of these analyses are more consistent with the hypothesis that children's functioning is influenced by the caregiving environment than the alternative hypothesis that the caregiving environment is influenced by children's behavior or abilities.
Finally, OLS regression analyses were conducted to test whether improvements in the quality of the caregiving environment predicted resilience in the language and problem behavior domains given early measures of biological risk. Regressing the residualized language scores on the residualized cognitive stimulation scores demonstrated that improvements in the amount of cognitive stimulation provided to children by caregivers were associated with better than expected language scores at Wave 3 (b ¼ 3.13, SE ¼ 0.93, p , .001). Similarly, improvements in caregivers' emotional support were associated with lower than expected levels of problem behaviors in children at Wave 3 (b ¼ 21.85, SE ¼ 0.84, p , .05). Thus, improvements in the quality of the home environment were associated with changes for the better in children's language abilities and behavior.
Gender differences in risk for neurodevelopmental impairment, cognitive stimulation, and emotional support were statistically nonsignificant, although there was a trend for girls to have higher difficult temperament scores than boys (b ¼ 0.23, SE ¼ 0.12, p , .06). An additional analysis was conducted to test whether the effect of changes in cognitive stimulation or emotional support on children's functioning differed for girls and boys. Neither the effect of changes in cognitive stimulation on language ability (b interaction ¼ 0.91, SE ¼ 1.84, p ¼ .62) nor the effect of changes in emotional support on behavior (b interaction ¼ 21.00, SE ¼ 1.51, p ¼ .51) varied as a function of gender.
How does removing children from the care of biological parents affect children's functioning?
Only children who were residing with a biological parent at Wave 1 were included in this analysis (n ¼ 818). Of these, 49 were removed from the care of their biological parents between Waves 1 and 3. At Wave 3, these children were living with foster parents (41%), adoptive parents (4%), other nonrelatives (8%), grandparents (35%), or other relatives (12%).
A hierarchical OLS regression was conducted to test the main and interactive effects of (a) removal from the care of biological parents and (b) changes in cognitive stimulation or emotional sensitivity on children's language abilities and problem behaviors. This analysis controlled for family income at Wave 3 because children who were removed from the care of biological parents between Waves 1 and 3 had significantly higher family incomes at Wave 3 (M ¼ 3.98, SE ¼ 0.18) than children who remained in the care of biological parents (M ¼ 2.33, SE ¼ 0.09; b ¼ 1.65, SE ¼ 0.20, p , .001). The groups did not differ with respect to family income at Wave 1 (b ¼ 20.48, SE ¼ 0.33, p ¼ .14).
As shown in the top portion of Table 2 , improvements in the amount of cognitive stimulation provided to children were associated with higher than expected language scores 18 months later. Removal from the care of biological parents had no effect on language scores at Wave 3, although income was positively associated with better than expected language scores. However, removal from the care of biological parents moderated the effect of change in cognitive stimulation scores on children's language abilities (Figure 1) . 4 Analysis of the simple slopes indicated that the effect of changes in cognitive stimulation on children's language abilities was stronger when children were removed from the care of biological parents (t ¼ 2.86, p ¼ .004) than when they remained in the care of biological parents (t ¼ 2.30, p ¼ .02). Removal from the care of biological parents was associated with higher than expected language scores when there were improvements in the amount of cognitive stimulation provided to children, but with lower than expected language scores when there were decrements in the amount of cognitive stimulation provided to children. This model accounted for 8.5% of the variance in children's language ability. As shown in the bottom portion of Table 2 , there was a trend suggesting that improvements in caregivers' emotional sensitivity was associated with lower than expected problem behaviors in children at 18 months. Neither removal from the care of biological parents nor family income was associated with children's problem behaviors. However, there was a trend suggesting that removal from the care of biological parents moderated the effect of changes in emotional sensitivity on children's problem behaviors such that the effect of changes in emotional sensitivity on changes in children's problem behaviors was stronger among children who were removed from the care of biological parents than among children who were not. The final model accounted for 5.5% of the variance in children's behavior.
Discussion
Children who are victims of abuse and neglect are at risk for neurodevelopmental impairment and related regulatory deficits. Indeed, 85% of the infants and toddlers in the NSCAW sample were at moderate to high risk for neurodevelopmental impairment as indicated by their performance on a neurodevelopmental screener at 3 to 24 months of age and risk for neurodevelopmental impairment was associated with difficult temperament. These early biological risks were predictive of poor language abilities and elevated levels of problem behaviors in children 18 months later. Nevertheless, some children were doing better than expected on these measures of child functioning. Specifically, children whose caregiving environments improved over the 18-month period with respect to the amount of cognitive stimulation and emotional support they were receiving had better than expected language abilities and behavior. These findings illustrate the complex interplay between social experiences and brain development wherein the brain's malleability to experiences like abuse or neglect can result in maladaptive outcomes such as neurodevelopmental impairment and its malleability to experiences encountered in the average expectable environment can result in improvements in language abilities or behavior, even given initial biological and social constraints (Cicchetti & Curtis, 2006) .
The data were most consistent with a model in which the caregiving environment predicted changes in children's functioning, rather than the reverse. That is, children's characteristics did not predict changes in caregiving, suggesting that child effects, if present at all, were not persistent across the 18 months of the study. Moreover, the study took advantage of a natural experiment, in which some children were removed from the care of biological parents and changes in cognitive stimulation and emotional support were measured. The association between changes in the caregiving environment and changes in children's functioning was significant and, in fact, stronger, when children were removed from the care of biological parents. This "natural experiment" demonstrates two things. First, it further minimizes the possibility of child effects on the caregiving environment because it establishes that the same child was, in many cases, experiencing different kinds of care from different caregivers. Second, it minimizes the possibility that the association between changes in the caregiving environment and changes in children's functioning can be accounted for by an unmeasured genetic factor because removal from the care of biological parents breaks the link between the person providing the child's rearing environment and the person providing the child's genotype (although some children were living with second degree or more distant relatives).
Implications for research and theory
Like other studies that situate children's development within a biopsychosocial framework (e.g., Raine, 2002) , the current study found that early biological vulnerabilities increased risk for poor cognitive and behavioral outcomes only when children were exposed to ongoing adversity (e.g., decrements in the quality of the caregiving environment). These findings are promising because they suggest targets for intervention, generate hypotheses about the mechanisms by which biological vulnerabilities and social experiences jointly affect children's functioning, and suggest that biological vulnerabilities do not invariably compromise development. Indeed, these findings are consistent with data from studies of low-and middleincome children in showing that efforts by caregivers to speak and read to children and to be responsive to children's role play, vocalizations, and exploration of objects can promote children's language growth (Pan et al., 2005; Tamis-LeMonda, Bornstein, & Baumwell, 2001) . Moreover, these findings extend this work by demonstrating that the association is present in children with moderate to severe levels of neurodevelopmental impairment. The findings are also consistent with a body of literature that finds that the fit between a child's temperament and the type of parenting the child experiences (rather than either factor alone) is predictive of children's behavioral trajectories (Rothbart & Bates, 1998) .
As reviewed by Cicchetti and Curtis (2006) , experiences like competent caregiving are likely to lead to changes in brain structure and function (and, ultimately, behavior) by altering regulation of gene expression (e.g., via epigenetic processes such as methylation) and protein phosphorylation (inducing posttranslational modifications to protein products). For example, Meaney and colleagues (Caldji et al., 1998; Francis, Diorio, Liu, & Meaney, 1999; Liu et al., 1997) have demonstrated that relatively greater amounts of time rat mothers spend licking and grooming their pups and engaging in arched back nursing in the first week of life have long-term effects on reducing fearful behavior and hypothalamic-pituitaryadrenal axis responsivity when offspring are subjected to stressors in adulthood. These observed differences in stress responsivity are mediated by changes in gene expression in brain regions associated with fear and stress responsivity (Caldji, Diorio, & Meaney, 2003; Francis et al., 1999) . Weaver et al. (2004) showed that high levels of licking, grooming, and arched back nursing caused increases in offspring hippocamapal glucocorticoid receptor gene expression, and that these increases were the result of stable changes in DNA methylation patterns that were established in the first week of life. Crucially, these methylation patterns were reversible in adulthood. Thus, administration of enzymes that altered DNA receptivity to transcription factor binding caused the upregulation of hippocampal glucocorticoid receptor gene expression in the adult offspring of mothers who had engaged in low levels of licking, grooming, and arched back nursing and a concomitant reversal in the adrenocortical response to stress (Weaver et al., 2004) . Much more research is required to demonstrate whether reversals in DNA methylation patterns and subsequent changes in gene expression can arise from social experiences and whether similar processes underlie cognitive and behavioral changes among atrisk human children who are subjected to remedial intervention.
Future research should also explore the limits of the brain to reorganize in the face of new experiences. As reviewed by Curtis and Cicchetti (2003) , the brain is not infinitely plastic and certain changes (e.g., structural changes resulting from traumatic head injury, as in some cases of physical abuse) may be irreversible, even when the caregiving environment improves dramatically. This suggests that, depending on the cause and timing of brain insults that resulted in neurodevelopmental impairment, some children in the NSCAW sample may have shown greater recovery in language and behavioral functioning than others. Although levels of neurodevelopmental impairment and difficult temperament were similar across maltreatment groups (as were rates of resilience), it is possible that different forms of maltreatment are associated with more or less lasting changes in the brain. However, given that different forms of maltreatment often co-occur and studies have rarely shown specific associations between maltreatment sequelae (e.g., malnutrition resulting from food neglect or traumatic head injury resulting from physical abuse) and cognitive and behavioral outcomes, it seems unlikely that the brain's ability to reorganize in the face of remedial social experiences will depend on the type of maltreatment a child experienced. Rather, it seems more plausible that the severity and duration of maltreatment, regardless of subtype, will be most predictive of plasticity.
Other research suggests that the capacity for remedial experiences to result in neural reorganization is conditioned on individual differences that may include genotype and the developmental period in which such experiences are encountered. For example, Rutter and colleagues (2004) have illustrated that experiences of gross neglect can result in lasting cognitive and socioemotional deficits that are irreversible by later experiences. However, this work has also demonstrated that many children show remarkable cognitive, behavioral, and physical catch-up upon removal from conditions of severe privation. Moreover, even though children who experience longer bouts of adversity manifest more persistent impairments (Rutter et al., 2004) , there is little evidence that the first 3 years of life are a critical period for cognitive or socioemotional development (Bruer, 2001) . For example, Duyme, Dumaret, and Tomkiewicz (1999) studied changes in IQ among children who had been abused or neglected in infancy and who were adopted between the ages of 4 and 6 years. Although these children had, on average, below-average IQ scores prior to adoption (M ¼ 77), IQ scores increased dramatically by early adolescence, particularly among children who were adopted by high socioeconomic status families (M ¼ 98). These data suggest that although the brain may be optimally responsive to environmental remediation within the first 3 years of life, developmental trajectories can still be modified by environmental experiences at later points in time.
Implications for practice
The findings reported here demonstrate that specific caregiving behaviors can lead to better than expected cognitive and behavioral outcomes among children who are at biological risk. However, parents of biologically vulnerable children are disproportionately likely to have mental health or substance use problems and to be living in conditions of considerable adversity (Moffitt, 1993) . These parents may find it especially difficult to provide the kind of cognitive stimulation or emotional support that promotes resilience in children. Consistent with this possibility, changes in the amount of cognitive stimulation provided to children were more weakly associated with children's language abilities in families in which children were not removed from the care of biological parents versus families in which they were. It is possible that the potential for change in some families (and the effects of change on children's functioning) may be limited by characteristics of the parents or by the broader family context (Belsky, 1993; Jaffee, 2005) .
Although some researchers have demonstrated that removal from the care of abusive or neglectful biological parents is associated with improvements in children's well-being (Davidson-Arad, Englechin-Segal, & Wozner, 2003) , there remains considerable disagreement over how best to protect children from violence by family members (Erickson, 2000) . Federal child protection policy in the United States has swung from a focus on family preservation (e.g., the 1980 Adoption Assistance and Child Welfare Act and federal funding in 1993 for the Family Preservation and Support Program) to a focus on the child's health and safety (e.g., the 1997 Adoption and Safe Families Act). Data are needed to inform policy about children exposed to family violence. The current analysis demonstrated one domain in which infants and toddlers benefited from being removed from the care of abusive biological parents. Critically, these benefits only accrued to children who experienced improvements in the quality of the caregiving they received. When the quality of the caregiving they received worsened, they showed poorer (or as poor) functioning compared with children who remained in the care of biological parents. Although child welfare workers expend considerable resources to ensure the safety of kin and nonkin foster care placements, more data is needed on how foster and biological parents can be helped to promote positive outcomes in maltreated children who are likely to be vulnerable to cognitive, motor, and socioemotional deficits. Multisystemic interventions that target foster parents, children, and biological parents have been shown to increase the success rate of permanent placements (i.e., the child's final nonfoster care placement; Fisher, Burraston, & Pears, 2005) and successful permanent placements are predictive of children's psychological well-being (Rubin, O'Reilly, Luan, & Localio, 2007) , but more research is clearly needed to uncover the mechanisms by which permanent placements improve children's psychological well-being.
Strengths and limitations
This study is characterized by a number of limitations. First, change over time in children's functioning and the quality of the child's environment was estimated within a relatively brief period (18 months). On the one hand, the first 2-3 years of life are a period of rapid brain development and changes in the child's environment over this period may have especially strong influences on the child's functioning. On the other hand, the findings may not replicate over longer periods of time. For example, children with perinatal or early traumatic brain injury (which many of the neurodevelopmentally impaired children may have had) have shown delays in language learning when tested before age 4 years, but not after that point (Levin, 2003) , a phenomenon that might result from school attendance (Huttenlocher, Levine, & Vevea, 1998) or early interventions like Head Start. Nevertheless, the child who enters school with deficits in vocabulary size remains at risk for reading problems during the primary school years (Snow, Burns, & Griffin, 1998) suggesting that even when children "catch up" with respect to language abilities, they may still be experiencing difficulties relative to other children in other domains.
Second, these analyses demonstrated that a positive caregiving environment predicted better than expected child functioning, but these relative changes do not necessarily mean that children were functioning in the normal range by Wave 3 nor do they mean that observed changes reflected transitions from clinically significant to normative states. For example, although the average language score was 102.54 among children who demonstrated better than expected language abilities at Wave 3 (the PLS is normed to have a mean of 100), scores ranged from 87 to 150. All problem behavior scores among children who demonstrated better than expected behavior at Wave 3 (M ¼ 43.87, range ¼ 24-58) fell below the cutoff of 60 indicating borderline or clinically significant problem behaviors. Together, these data suggest that some children were still not functioning in the normal range by Wave 3, although they were doing better than expected, and that other children simply showed improvements in already normal functioning. In addition, the variance in children's language and behavior that was accounted for by changes in the caregiving environment was small (,10%) as were effect sizes for associations between language abilities, problem behaviors, and measures of cognitive stimulation, emotional support, and early biological risk. That said, most of these associations were at least as large as the association between SAT scores and subsequent college grade point average or the association between reduced blood flow and subsequent thrombosis (Meyer et al., 2001 ).
Third, the NSCAW sample is representative of children who have had contact with child welfare services in the United States, but it is not representative of the overall population of US children. Although the NSCAW sample was ideal for identifying large numbers of children who were at risk for neurodevelopmental impairment, it remains to be seen whether the findings will replicate in a non-high-risk sample.
Fourth, although neurodevelopmental impairment and difficult temperament were identified as biological risks, their etiology is likely to be both biological (e.g., genetic) and environmental (e.g., intrauterine, perinatal, or postnatal risks). Nevertheless, they are described as biological risks because they are at least partly biologically based characteristics of children.
Fifth, children would have experienced a range of changes when they were removed from the care of biological parents, including changes in cognitive stimulation and emotional support, as well as changes in family income, neighborhood characteristics, and caregiver characteristics. Given all these possible changes, it is impossible to say with certainty that changes in cognitive stimulation per se influenced children's language ability. Although family income was controlled in the analyses (and the effect of changes in cognitive stimulation remained statistically significant), other family and caregiver characteristics were not included in the models. That said, to the extent that these other characteristics influence children's functioning, they are likely to do so via their effects on parenting (Belsky & Jaffee, 2005; Conger et al., 1992; McLoyd, Jayartane, Ceballo, & Borquez, 1994; Yeung, Linver, & BrooksGunn, 2002) .
This investigation of resilience among biologically at-risk children also has a number of strengths. The NSCAW sample comprised a large number of neurodevelopmentally at-risk children who were followed over time. The longitudinal nature of the data facilitated analyses that clarified the direction of effects between changes in the caregiving environment and changes in children's functioning. Moreover, the fact that some children experienced a turning point in their living arrangements over the 18-month time frame of the study provided a natural experiment in which changes in the quality of children's care coincided with their removal from the care of biological parents. The findings from this study suggest that interventions targeted at neurodevelopmentally impaired infants and toddlers, many of whom will be victims of abuse and neglect, are likely to promote positive behavioral and cognitive outcomes when caregivers are taught to provide adequate cognitive stimulation and when they can foster warm, supportive relationships with children.
